INTRODUCTION {#s1}
============

The normal intestinal microbiota is important for maintaining host health because it provides energy in the form of short-chain fatty acids \[[@r1], [@r2]\] and nutrients such as vitamins K and B12 \[[@r3]\] and provides protection against invading organisms by exerting colonization resistance \[[@r4], [@r5]\]. Changes in the gastrointestinal tract, as well as modifications to the diet and host immune system, inevitably affect the colonic microbiota, thereby allowing bacterial population changes to occur. Therapeutic strategies to counteract these changes have been suggested for aging people. These include dietary supplements containing probiotics or prebiotics, with combinations of the two being called synbiotics \[[@r6]\].

Fuller \[[@r7]\] defined probiotics as "a live microbial feed supplement which beneficially affects the host animal by improving its intestinal microbial balance." The following is a definition published by an Expert Consultation Committee at a meeting convened by the Food and Agriculture Organization/World Health Organization in 2001: "Probiotics are live microorganisms which when administered in adequate amounts confer health benefits on the host." Currently, the major probiotics that have the ability to colonize the human intestine are *Lactobacillus* spp. and *Bifidobacterium* spp \[[@r5]\]. Emerging evidence from recent clinical and animal studies suggests that probiotic lactobacilli, particularly certain selected strains, can modify host innate and acquired immune responses and thus protect against respiratory infections \[[@r8],[@r9],[@r10]\].

Prebiotics can be defined as nondigestible food ingredients that beneficially affect the host by stimulating the growth and/or activity of one or a limited number of desired bacteria in the colon, such as bifidobacteria, which are regarded as beneficial to human health \[[@r11]\]. Some of the effects attributed to prebiotics include modulation of key physiological functions, such as the absorption of calcium, lipid metabolism, and glycemia; modulation of intestinal microbiota composition, which plays a primary role in gastrointestinal physiology; and reduced risk of colon cancer \[[@r12]\]. Synbiotics, combinations of probiotics and prebiotics, might improve the survival of bacteria crossing the upper part of the gastrointestinal tract, thereby enhancing their effects in the large bowel. In addition, their effects might be additive or even synergistic \[[@r12]\]. However, more studies are necessary to obtain additional information needed to understand the combined action of probiotics and prebiotics.

In the present study, fermented milk supplemented with two probiotic strains, *Bifidobacterium lactis* Bi-07 and *Lactobacillus acidophilus* NCFM, and a prebiotic isomaltooligosaccharide (IMO), was orally administered to 100 healthy Wistar rats. Blood and biochemical indexes and body parameters were measured, and the influences of sex and dosage were investigated.

MATERIALS AND METHODS {#s2}
=====================

Preparation of fermented milk and placebo yogurt
------------------------------------------------

The tested synbiotic-supplemented fermented milk (SSFM) was prepared using fresh milk, sugar, and a stabilizer, which was fermented with a starter culture containing *Lactobacillus delbrueckii* ssp. *bulgaricus* and *Streptococcus thermophilus* (Danisco, Copenhagen, Denmark). The SSFM was supplemented with the probiotic strains *L. acidophilus* NCFM and *B. lactis* Bi-07 (Danisco) and the prebiotic IMO (Shandong Tianmei Biotechnology Co., Ltd., Heze, Shandong, China).

To prepare the SSFM, the sugar, stabilizer, and IMO were first dissolved in fresh milk (2.8% protein, 3.0% milk fat), and the milk mixture was heated to 41°C, followed by homogenization (60°C, 20 MPa) and sterilization (95°C, 5 min) before cooling to 42°C. The SSFM was inoculated with the starter culture and probiotic bacteria and was fermented to completion at 42°C for approximately 5 h. The final preparation contained B. lactis 8.0×10^7^colony forming units (cfu)/g, *S. thermophilus* (1.5×10^8^cfu/g), *Lactobacillus* (6.6×10^7^cfu/g), IMO (0.6%), protein (2.5%), fat (2.7%), and soluble solids (13%).

For the animal tests, the SSFM was modified using the recommended amount (480 g/day) and by adding 20-fold more functional ingredients (probiotic bacteria and IMO) to produce a high dosage treatment. A medium dosage treatment (10-fold) was prepared by diluting the high dosage treatment with a common commercial yogurt, which has been fermented with *L. delbrueckii* ssp. *bulgaricus* and *S. thermophilus*. This commercial yogurt fermented with *L. delbrueckii* ssp. *bulgaricus* and *S. thermophilus* was also used as the placebo.

Test animals
------------

One hundred (50 females and 50 males) four-week-old SPF-grade Wistar rats (weighing 60--82 g) were purchased from the Experimental Animal Center at the Military Medical Science Academy of the People's Liberation Army (Beijing, China). The rats were housed and fed in single cages under constant conditions (temperature, 20.0--20.9°C; humidity, 40.1--49.9%) with a 12-hr light dark cycle. The rats were allowed free access to sterile water and a general powder feed purchased from the Experimental Animal Center at the Military Medical Science Academy of the People's Liberation Army (Beijing, China).

After 1 week, all rats were divided into a male group and female group. Each group was randomly divided into five subgroups (n=10/subgroup) based on body weight to ensure there were no significant differences in average body weights between groups. Then the rats were fed deionized water (control), the common commercial yogurt (placebo), or the test sample SSFM at doses of 1-fold (low dosage), 10-fold (medium dosage), or 20-fold (high dosage) based on grouping. The treatments were administered through a gastric tube for 30 days with 1 ml/100 g body weight. Nontreatment food and water were supplied freely during the test. All experiments were in accordance with the guidelines of the ethics committee of Shijiazhuang Junlebao Dairy Co., Ltd. for the care and use of the laboratory animals.

Analysis of nutritional status
------------------------------

General performance, behavior, poisoning symptoms, and death of rats were monitored and recorded daily. Body weight and food intake were recorded, and the food utilization rate was calculated weekly.

The rats were fasted for 16 hr after the final administration, anesthetized with diethyl ether, and euthanized by exsanguination from the carotid artery. Their blood was collected to determine hemoglobin levels, red blood cell counts, white blood cell (WBC) counts, and WBC classes. The serum was analyzed for alanine aminotransferase, aspartate aminotransferase, urea nitrogen, creatinine, glucose, triglyceride, total cholesterol, total protein, and albumin using a HITACHI 7020 automatic biochemical analyzer.

The rats were dissected, and the heart, liver, spleen, stomach, kidneys, testes, and ovaries were collected, observed, and weighed; the organ/body ratios were then calculated.

Statistical analyses
--------------------

Data were expressed as the mean ± SEM, and all analyses were performed using SPSS 17.0 (SPSS Inc, Chicago. IL, USA). Differences between groups were analyzed by analysis of variance after the homogeneity of variance of the data was confirmed using the F test. Calculating the F-value revealed no significant differences between groups. An F≥0.05 and p≤0.05 comparison of group means and pairwise comparison were performed. Data with heterogeneity of variance or abnormal distributions were analyzed after variable transition. The rank-sum test was used if the variable transition was unsuitable. Differences were considered significant at the 5.0% and 1.0% probability levels.

RESULTS {#s3}
=======

After 30 days of treatment, no death or poisoning symptoms were observed, and no aberrant behavior or performance was observed. Body weight and nontreatment food intake were normal, and the weekly food utilization rate was not significantly different between the treatment subgroups.

Significant differences were observed in serum total protein, hemoglobin, albumin, serum glucose, and serum triglyceride levels between the groups. The other parameters were not significantly different.

Serum total protein, hemoglobin, and albumin
--------------------------------------------

After 30 days of treatment, no significant difference was observed in protein, hemoglobin, and albumin levels in male rats at any dosage compared with the control and yogurt groups. However, these three parameters were significantly higher in the female rats in the treatment groups ([Figs. 1](#fig_001){ref-type="fig"}, [2](#fig_002){ref-type="fig"}, [3](#fig_003){ref-type="fig"}Fig. 1.Effect of SSFM on total protein in the hematology of Wistar rats.Effect of SSFM on total protein in the hematology of Wistar rats after 30 days of intervention. Results are expressed as the mean ± SE (g/l). Compared with the control group, total protein was significantly higher in female rats in the low dosage group (\*\*p\<0.01) and medium dosage group (\*\*p\<0.01). However, there was no significant difference in male rats at any dosage compared with the control group.\*Compared with the control group (p\<0.05); \*\*Compared with the control group (p\<0.01); ^\#^Compare with the yogurt group (p\<0.05); ^\#\#^Compared with the yogurt group (p\<0.01).Fig. 2.Effect of SSFM on hemoglobin in the hematology of Wistar rats.Effect of SSFM on hemoglobin in the hematology of Wistar rats after 30 days of intervention. Results are expressed as the mean ± SE (g/l). Compared with the control group, hemoglobin was significantly higher in female rats in the low dosage group (\*\*p\<0.01) and medium dosage group (\*\*p\<0.01). Hemoglobin was also significantly higher in the low dosage group (^\#^p\<0.05) compared with the yogurt group. However, there was no significant difference in male rats at any dosage compared with the control group.\*Compared with the control group (p\<0.05); \*\*Compared with the control group (p\<0.01); ^\#^Compare with the yogurt group (p\<0.05); ^\#\#^Compared with the yogurt group (p\<0.01).Fig. 3.Effect of SSFM on albumin in the hematology of Wistar rats.Effect of SSFM on albumin in the hematology of Wistar rats after 30 days of intervention. Results are expressed as the mean ± SE (g/l). Compared with the control and yogurt group, albumin was significantly higher in female rats in the low dosage group (\*\*p\<0.01; ^\#^p\<0.05). However, there was no significant difference in male rats at any dosage compared with the control group.\*Compared with the control group (p\<0.05); \*\*Compared with the control group (p\<0.01); ^\#^Compare with the yogurt group (p\<0.05); ^\#\#^Compared with the yogurt group (p\<0.01).).

Compared with the levels of the control group, both the serum total protein and hemoglobin levels were significantly higher in the female rats in the low dosage group (\*\*p\<0.01; \*\*p\<0.01) and medium dosage group (\*\*p\<0.01; \*\*p\<0.01). The female rats administered the low dosage treatment had significantly higher hemoglobin (^\#^p\<0.05) and albumin (^\#^p\<0.05) levels than the female rats in the yogurt group.

Serum glucose
-------------

The serum glucose levels of female rats administered the SSFM at different dosages did not significantly differ between the control and yogurt groups. The serum glucose levels of male rats were significantly lower at the low dosages (\*\*p\<0.01, ^\#\#^p\<0.01) compared with both the control group and yogurt group ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Effect of SSFM on glucose in the hematology of Wistar rats.Effect of SSFM on serum glucose in the hematology of Wistar rats after 30 days of intervention. Results are expressed as the mean ± SE (g/l). Compared with the control and yogurt group, glucose was significantly lower in male rats in the low dosage group (\*\*p\<0.01; ^\#\#^p\<0.05). However, there was no significant difference in female rats with at any dosage compared with the control group.\*Compared with the control group (p\<0.05); \*\*Compared with the control group (p\<0.01); ^\#^Compare with the yogurt group (p\<0.05); ^\#\#^Compared with the yogurt group (p\<0.01).).

Serum triglyceride
------------------

Significant differences in serum triglyceride levels were observed in both female and male rats. The high dosage group of female rats had significantly lower (\*p\<0.05) serum triglyceride levels compared with the control group. On the other hand, compared with the levels of the control group, the serum triglyceride levels of male rats in the low dosage group (\*p\<0.05) and medium dosage group (\*p\<0.05) were significantly lower ([Fig. 5](#fig_005){ref-type="fig"}Fig. 5.Effect of SSFM on triglyceride in the hematology of Wistar rats.Effect of SSFM on triglyceride in the hematology of Wistar rats after 30 days of intervention. Results are expressed as the mean ± SE (mmol/l). A significant difference was observed in both female and male rats. The female rats of the high dosage group had a significantly lower (\*p\<0.05) triglyceride level compared with the control group. On the other hand, the triglyceride of male rats in low dosage group and medium dosage group were significantly lower compared with the control group (\*p\<0.05; \*p\<0.05).\*Compared with the control group (p\<0.05); \*\*Compared with the control group (p\<0.01); ^\#^Compare with the yogurt group (p\<0.05); ^\#\#^Compared with the yogurt group (p\<0.01).).

DISCUSSION {#s4}
==========

*L. acidophilus* NCFM is one of the most frequently studied probiotic strains, and it is widely used in the dairy and nutrition industry \[[@r13]\]. This bacterium adheres well to human cells *in vitro*, and successful passing of this bacterium into the human intestine has been indicated in several studies \[[@r13]\]. *B. lactis* Bi-07 is also a common probiotic strain \[[@r14], [@r15]\]. Although there have been few studies on the health-promoting effects of *B. lactis* Bi-07, this bacterium was found to effectively bind to intestinal mucus and improve the intestinal environment of infants and the elderly \[[@r16]\]. In a previous study, oral administration of a synbiotic fermented milk prepared with *L*. *acidophilus* NCFM, *B*. *lactis* Bi-07, and IMO (or SSFM) significantly increased the populations of fecal lactobacilli and bifidobacteria and decreased the populations of enterobacilli in humans as well as in mice, indicating that this synbiotic fermented milk might alter the gastrointestinal microbiota of the host animal. This previous study also found that the synbiotic fermented milk prepared with *L*. *acidophilus* NCFM, *B*. *lactis* Bi-07, and IMO (or SSFM) could significantly enhance the immunity of the tested mice too \[[@r17]\]. However, it still remains unclear whether an orally administrated synbiotic fermented milk could influence the nutritional status of the host animal and thereby be beneficial for the health of the animal. The currently emerging scientific evidence indicates that the gastrointestinal microbiota might be closely associated with the nutrition status of the host animals \[[@r18]\]. Therefore, we hypothesize that the present synbiotic fermented milk might implicate more physiological responses of the host animal besides its impact on immunity such as that observed in a previous study \[[@r17]\].

Plasma proteins, also termed serum proteins or blood proteins, are proteins present in blood plasma \[[@r19]\]. Serum albumin, which accounts for 55% of total blood proteins, is one of the plasma proteins, whereas globulins and fibrinogens comprise 38% and 7%, respectively. The remaining of the plasma proteins (1%) consist of regulatory proteins, such as enzymes, proenzymes, and hormones. These proteins serve several different functions, including transport of lipids, hormones, vitamins, and metals in the circulatory system and regulation of acellular activity and functioning in the immune system. Other blood proteins act as enzymes, complement components, protease inhibitors, or kinin precursors. Therefore, the serum proteins could be considered one of the most important parameters in monitoring of the nutritional and physiological state of the host animal.

In the present study, oral administration of the fermented milk prepared with two probiotic strains (*B. lactis* Bi-07 and *L. acidophilus* NCFM) and a prebiotic IMO (SSFM) significantly increased total protein, hemoglobin, and albumin levels in the female rats. These results indicate that the tested fermented milk (SSFM) could improve the serum protein profile of the tested females, which could contribute to the health of the host animal. There have been numerous studies in which probiotic and prebiotics have been demonstrated to possess an ability to maintain or improve the function of the intestines by promoting the recovery of intestinal cells and function of tight junctions \[[@r20], [@r21]\]. Therefore, the positive effects of SSFM on the serum protein profile could result from their ability to enhance nutrient absorption in the intestine, at least partly.

An unbalanced intestinal microbiota can modify gut permeability, and metabolic endotoxemia can be caused by bacteria and/or bacterial fragments such as lipopolysaccharides that pass through into the blood \[[@r22], [@r23]\]. These molecules can stimulate macrophage infiltration and activate the synthesis of inflammatory cytokines \[[@r22], [@r24]\], and the increased cytokine signaling can inhibit protein synthesis and enhance catabolism \[[@r24], [@r25]\]. For example, 1--20% of circulating plasma lysine and threonine are derived from the intestinal microbiota \[[@r26], [@r27]\]. Urea generated by host tissues passes into the gut and is hydrolyzed to ammonia by the intestinal microflora \[[@r28]\]. Our previous study suggested that SSFM increases the beneficial intestinal microbiota \[[@r17]\]. By decreasing the cytokine signaling and increasing the sources of nitrogen and some amino acids for protein synthesis, this modulation may be responsible for the increased serum protein levels in the present study \[[@r17]\].

On the other hand, a significant decrease in serum glucose levels was observed in the male rats exposed to low dosages of the tested fermented milk in the present study. Oral administration of probiotics and/or prebiotics has frequently been found to decrease serum glucose levels. However, a specific animal model such as obese mice or diabetic mice and high-calorie and high-glucose loadings have been used in the majority of studies \[[@r29]\]. In the present study, normal animals without excessive food loading were used to test the potential effects of the tested synbiotic fermented milk to examine the serum sugar level with a relatively longer time of exposure to the tested fermented milk. The results obtained in the present study indicate that the tested fermented milk prepared with the selected strains can modify blood glucose metabolism even under normal conditions. However, it is still unclear why only a low dosage can show such an ability to modify serum glucose metabolism.

Daily administration of viable *Lactobacillus rhamnosus* GG (LGG) cells was found to decrease the fasting blood glucose level in KK-A^y^ mice before the development of diabetes and in KK-A^y^ mice that developed severe diabetes \[[@r30]\]. These results are similar to that reported by \[[@r30]\]. It is suggested that LGG decreases postprandial blood glucose through suppression of glucose absorption by decreasing the glucose available from digestion of sucrose and starch in ICR mice. In other studies, the tested bacteria, *L. acidophilus* NCFM and *B. lactis* Bi-07, were demonstrated to have a potential ability to successfully pass into and colonize the human intestine and hence to change the intestinal microbiota \[[@r13]\]. Therefore, suppression of glucose absorption by decreasing the glucose available from digestion caused by colonized *L. acidophilus* NCFM and *B. lactis* Bi-07 might be a possible underlying mechanism of the change in serum glucose caused by the tested fermented milk.

Insulin responses are positively correlated with plasma leucine, phenylalanine, and tyrosine concentrations \[[@r31], [@r32]\]. When fermented dairy products are consumed, the amino acid level increases *in vivo.* In other words, as the insulin levels increase, the amino acid levels increase, thus promoting transport of blood sugars into tissue or muscle; as a result, blood glucose values decrease as well \[[@r31]\]. In addition, the increase in protein results in enhanced function of skeletal muscles, which can regulate insulin resistance and insulin-sensitizing effects, under the regulation of the Wnt signaling pathway, thereby reducing the blood sugar levels \[[@r32]\]. However, in another study, groups of mice treated with *Lactobacillus* gained significantly less body weight than control mice; in addition, the serum insulin levels were lower in those treated with *Lactobacillusreuteri* ATCC PTA 4659, but no significant effects were observed in glucose or insulin tolerance tests \[[@r33]\].

Oral administration of the fermented milk prepared with the two probiotic strains (*B. lactis* Bi-07 and *L. acidophilus* NCFM) and the prebiotic (IMO) also significantly decreased the serum triglyceride level in the male rats. Some lactobacilli were reported to decrease the serum triglyceride level in the host animal. For example, decreases in triglyceride levels of 33% were observed in a group administered with milk with *L. reuteri* CRL1098 (10^4^ cfu/day) in comparison with a group given milk alone \[[@r34]\]. A 30% decrease in triglyceride plasma levels was observed in hamsters fed an enriched diet containing a fermented milk product supplemented with *Lactobacillus casei* strain Shirota compared with those fed a control diet (unfermented milk); this may have been due to an alteration in the regulation of lipogenic enzyme activities \[[@r35]\]. Triglyceride levels decreased when rats were administered milk and non-fermented milk supplemented with *Lactobacillus gasseri* SBT0270\# (10^9^ cfu/ml) in relation to a control group (water); the authors of the paper attributed the effect of *L. gasseri* SBT0270 to its ability to suppress the reabsorption of bile acids into the enterohepatic circulation (by deconjugation) and enhance the excretion of acidic steroids in feces \[[@r36]\]. Some prebiotics also possess a property that decreases the triglyceride level of the host animal. After being fed oligofructose in their diet for 30 days (20 g/100 g), a large decrease in the concentration of serum triglycerides was reported in the tested rats compared with the levels measured in isocalorically fed control rats \[[@r37]\]. In addition, the effects of oligofructose on lipid metabolism in obese Zucker rats were examined. After 10 weeks, a 57% decrease in the hepatic concentration of triglycerides, relative to a control group, was reported \[[@r38]\]. It is commonly accepted that the principal mechanism for the hypotriacylglycerolemic effect of oligofructose and inulin is a reduction in hepatic *de novo* fatty acid and triacylglycerol synthesis through a coordinated reduction in the activity of all lipogenic enzymes \[[@r39], [@r40]\].

In this study, oral administration of a synbiotic fermented milk prepared with *L. acidophilus* NCFM, *B. lactis* Bi-07, and IMO (or SSFM) had different impacts on the tested female and male rats. These results suggest that the influence of the tested synbiotic fermented milk on the nutritional status of the tested animal might be sex dependent or sex specific. These results are good agreement with those of previous studies in which males and females responded differently to treatment with pathologic and probiotic microorganisms, suggesting that a "one-size-fits-all" approach to treatment of gastrointestinal tract inflammation may be inadequate \[[@r41]\]. In this study, males generally displayed increased expression of Th2 and B-cell mediators, and females showed repressed cytokine expression after MAP infection (IL-6, TNF-α, and IL-1 among others). Additionally, females responded positively to use lactobacilli when compared to males. The differences observed suggest that male and female gut tissues and microbiota respond to newly introduced microorganisms differently and that gut-associated microorganisms with host immune system responses and metabolic activity are supported by biology distinct to the host sex \[[@r42]\]. However, further study should be conducted to obtain additional information about the underlying mechanism behind the sex-dependent response of the host animal to treatment with probiotics.

In conclusion, our results suggest that the fermented milk supplemented with synbiotics can alter some nutritive indexes of the host animal and that the health-promoting properties of this fermented milk are sex specific and dependent on the dosage of probiotic and prebiotic. However, significant differences were observed in serum total protein, hemoglobin, albumin, serum glucose, and serum triglyceride levels in female rats when compared with control group but not when compared with the yogurt group. Therefore, the changes observed in this study are not induced by the probiotics and prebiotics alone, and the synbiotic effects of probiotic strains and IMO need further study.
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